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TOXIC SUBSTANCE CONTROL






































with the Ecosystem. The Board notes that many other multi—national and
multi-agency efforts are underway to evaluate the effects of chemical
substances in the Ecosystem. As a result the Board recommends that future
hazard assessment efforts in the Great Lakes Basin be carried out in the
context of the identified multi-agency and multi-national efforts which are
described in the report.
A review of Canadian and United States research programs implies a
significant concern by governments, industry and unversities on the potential
effects of man-made chemicals in the environment. The Board stresses the need
for continued high priority for such investigations and for current
development of legislative and regulatory actions, until there is a better
understanding of the effects of contaminants on the health of the ecosystem,
including man. The Board emphasized these points for two reasons: firstly,
the Board feels that the dispersal and the subsequent potential effects of
toxic substances in the Great Lakes should remain the highest priority issue
for the management of the Great Lakes. Secondly, the Board's concern that the
recent economic conditions in both U.S. and Canada may result in political
pressures to ease concerns, legislation and regulations with regard to the
discharge of potential contaminants.
The Board reviewed the Annexes 10 and 12 of the 1978 Great Lakes Water
Quality Agreement which pertain to the control of chemical contaminants. To
address both Annexes, an approach is recommended which requires the concerted
efforts of both the Science Advisory Board and the Water Quality Board. The
Science Advisory Board requests the International Joint Commission to obtain
from the parties an immediate commitment to review the Board's recommended
approach for consideration of adopting the procedure to implement those
portions of the Agreement.
In addition to developing objectives for specific contaminants, a
committee of the Board is developing a framework to develop holistic aquatic
ecosystem objectives. The approach would, for example, attempt to develop a
means of determining effects of various stresses on the biotic community
through observation of the changes in community structure and behavior. Such
an approach has been undertaken by several international organizations, and
offers the potential of detecting the effects of cultural, socio-economic and
technological changes on the Great Lakes.
SOCIO-ECONOMIC FUTURES
The concerns of the 1972 and 1978 Great Lakes Water Quality Agreements
have primarily addressed chemical stresses on the Great Lakes Ecosystem.
Additional stresses are possible from other human activities. A workshop was
sponsored by one of the Board's committees to identify problems which may
emerge within the Basin as a result of future trends in, for example, urban
growth, energy and transportation. The findings of the workshop are expected



























































































































































The Great Lakes Science Advisory Board recommends that the International
Joint Comnission:
1. Immediately implement, as specified in Article VII(6) of the 1978
Great Lakes Water Quality Agreement, liaison among institutions
established under the 1909 Boundary Waters Treaty, appropriate U.S.
and Canadian agencies, and international organizations which address
concerns relevant to the Great Lakes Basin Ecosystem to ascertain and
ensure that all facets and concerns of the Great Lakes Basin
Ecosystem, as outlined in this report, are adequately considered.
Particular emphasis on the problems associated with long range
transport of airborne pollutants should be given high priority.
2.
Encourage the Parties to formulate a reference within the context of,
an ecosystem approach on the causes, effects and measures for the
control of long range transport of airborne pollutants with special
attention to acid rain. Such action will serve to accelerate efforts
to develop necessary information for rapid action.
3. Request that agencies responsible for assessment of living resources,
such as fish stocks, dedicate and/or expand a portion of their
current management programs which would coordinatewith air quality
and water quality surveys enabling improved assessment and
understanding of the overall quality of the Great Lakes Basin
Ecosystem.











Urge that efforts for hazard assessment of man-made chemicals in the
Great Lakes Basin,
be carried out
in the context of ongoing
multi-agency and multi-national efforts as identified in the Board's
report.
6.
Obtain from the Parties an immediate commitment to review the Science
Advisory Board's recommended procedure for addressing Annexes 10 and







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































continues to be impaired by the effects of cumulative alterations in
the environment associated with a variety of proposed water-use and
lake-bed/shoreline developments.
0 Great Lakes waters, biota, and fishery products contaminated by toxic
substances poses yet another very serious problem, which if unchecked
and unresolved, promises to undermine many if not all the
fishery-management achievements so far attained, and to preclude the
realization of still others underway. Although DDT and mercury
residues in some Great Lakes fishes have dropped below guidelines of
public health authorities, PCBs, mirex, and dieldrin still pose
problems in some areas.
Our intent in discussing the historical perspective of cultural
development and fishery resources is to exemplify the diversity of stresses as
a result of man‘s activities which have been placed on a few components of the
Great Lakes Basin Ecosystem. These stresses included deforestation,
conflicting water uses, shoreline development, introduction of new biological
species and discharge of chemical contaminants. The stresses and the
consequences are a result of the interactions within components of the
ecosystem namely air, land, water and living organisms including man.
Management of the Great Lakes resources has in the past focussed only upon a






































diverse interactions which occur within its chemical, physical, biological and
societal components." Such understanding should minimize stresses and
consequences to the Ecosystem as a result of man's activities. In its 1978
report "The Ecosystem Approach“ the Board outlined five criteria which should
constitute part of a broader approach for application in the Great Lakes Basin
Ecosystem:
i) The approach should encompass human activities in a manner suggesting
interaction with other parts of nature, rather than viewing man as
separate from nature.
ii) The approach should force us to consider interactions of the Great
Lakes Basin Ecosystem with areas neighboring the Basin.
iii) The approach should convey a dynamic picture of the transport of
energy and materials in the Basin, interrelating industrial
activities, geochemical cycles and food chains.
iv) The approach should consider, allow and encourage public interests,
attitudes, perceptions and behavior to enable people in the Basin to
relate to the biosphere.
 
  
v) The approach should recognize the concepts of carrying capacity and
resilience, suggesting that there are limits to human activity in the
Basin.
The Board thus addresses four current and urgent Great Lakes issues (long
range transport of atmospheric pollutants, toxic substance control,
socio—economic futures, and eutrophication) in terms of an ecosystem approach
to illustrate to the Commission and the Parties the advantages of such an
approach and to assess the gaps in knowledge which will facilitate Great Lakes
planning and management.
A. Long Range Transport of Atmospheric Pollutants
Man-induced changes are affecting the quality of the earth's atmosphere.
These changes are the result of atmospheric emissions from many sources:
industrial processes; municipal waste disposal; certain intensive forestry
and agricultural processes (i.e. use of pesticides, burning, etc.);
transportation; and, household practices (home-heating, aerosol sprays).
Meterological processes are known to transport these emissions hundreds or
even thousands of kilometers from their original sources. The problems
are international in some cases and global in other cases. Their impacts
can be great.
Various aspects of this problem, relevant to transboundary effects on
water quality, have been described previously to the Commission through
studies conducted in support of the Upper Lakes Reference Group and the
Pollution fromLand Use Activities Reference Group (PLUARG). For example,
PLUARG studies calculated that direct atmospheric deposition onto the
surface of Lake Superior accounts for 37 percent of the total phosphorus
loading (excluding shoreline erosion). In 1975, the Wisconsin Dept. of
Natural Resources analyzed snow melt samples for PCB and reported
concentrations ranging from 0.17 to 0.24 ppb. Atmospheric fallout was
attributed as a major source of PCB contamination in the Lake Michigan
fish. It has been reported that DDT from an aerial application in 1974 to
control a moth infestation in the Pacific Northwest was detected in the
rain falling on the state of New York.
The very nature of long range atmospheric transport and deposition
requires that an approach beyond that of traditional air quality and/or
water quality approaches be applied to determine appropriate solutions to
the array of problems which are known or suspected.
An Ecosystem Approach to the Problem of Acid Precipitation
Acids are chemicals which release hydrogen ions (H+) in solution.
The
concentration of hydrogen ions is conveniently expressed as pH which is a
negative logarithmic function of hydrogen ion concentration. A solution
with a pH of 4 is, because of the logarithmic function, ten times more

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































        






Fig. 1 SOURCES OF SULFUR DIOXIDE EMITTED IN
UNITED STATES, 1973. (DATA FROM US. EPA.)
acid, which become dissolved in precipitation. Nitric and hydrochloric
acids may be similarly formed as a result of the widespread dispersal of
sulfur and nitrogen oxides. All parts of the Great Lakes watershed are
receiving precipitation which contains 5 to 40 times more acid than




















and may continue to do so well into the next century (Figure 3 and 4).
Without management controls, sulfur and nitrogen oxides may be expected to
follow the same trends. In the absence of adequate controls, the current
energy crisis, with its resulting return to coal as an energy source,
seems certain to intensify the problem.
The problem in the Great Lakes Basin cannot be viewed as unconnected to
the global problem of air contamination. Many countries may decide to use
fuels higher in sulfur and other contaminants and there may not be
assurance of adequate control measures within these countries. This
problem on a global basis may be analogous to the nonpoint source problem
with phosphorus in terms of control strategies.
Ecological Effects of Acid Precipitation
The acid in precipitation reacts with calcareous materials (such as
limestone) in soils and rocks and dissolved bicarbonate in lakes.
Initially these reactions neutralize the acid inputs, but in softwater
lakes, such as those in Precambrian areas of the northern Great Lakes
Basin (Figure 2), the amounts of neutralizing substances are so low that
bicarbonate reserves are depleted quickly by acid precipitation. For
example, it has been found that some lakes in the Haliburton-Muskoka area,



























































































































































































































































Fig. 3 ENERGY CONSUMPTION (COAL EQUIVALENTS) FOR THE
PAST FIFTY YEARS. (BASED ON DATA FROM ENERGY

























o I l ﬂ
1980 2000 2025 2050
YEAR
Fla. 4 PROJECTED ENERGY CONSUMPTION (JOULES) FOR THE NEXT
FORTY FIVE YEARS. (BASED ON DATA FROM ENERGY
AND CLIMATE, 0.8. NATIONAL ACADEMY OF SCIEICE, 1977.)
-11-
  
acid neutralizing ability in a decade or less. Once buffering reserves
are depleted, small amounts of acid cause large changes in the pH of the
water and the lakes quickly become too acid for many forms of aquatic
life. At present, it is estimated that the biota in as many as 50,000
Canadian lakes may be seriously endangered in the next two decades.
Vital nutrients such as calcium and magnesium are released from soils in
the presence of acidic conditions. Such depletion may affect soil
fertility. In acidified areas of the northeastern U.S.A. and Sweden, some
workers claim that forest productivity has decreased by 10% per decade in
recent years. As calcareous materials are exhausted and terrestrial soils
become more acid, microbial nitrification, which is a vital link in the
nitrogen cycle, decreases. Low pH also reduces the rate of microbial
decomposition of cellulose in plant tissues. Thus just as changes in
plant communities resulting from deliberate deforestation affected the
Great Lakes, changes in plant communities as a result of acid
precipitation may have a ripple effect and produce additional changes in
the lakes themselves even though the pH of the lakes is not altered.
When acid precipitation falls on land, it may cause direct damage to the
foliage of sensitive plants. As in the case of nutrients, the hydrogen
ions may facilitate the release of toxic heavy metals such as mercury,
copper, lead, nickel, aluminum and zinc bound to soils and lake
sediments. The released heavy metals may then approach levels which
affect aquatic organisms. Aluminum is of particular concern. Also metals
are generally more toxic in waters of low alkalinity. Due to the high
inputs of acid precipitation to non-calcareous watersheds, some of the
streams and rivers entering the Great Lakes have become more acidic and
carry high concentrations of heavy metals. This could potentially affect
the Great Lakes fish species which utilize these rivers and bays as
spawning and nursery areas. The loss of walleye spawning migrations from
Lake Huron into streams draining the heavily acidified watersheds of
Muskoka and Haliburton is currently being investigated in this regard.
Correlations between the elevated levels of mercury in fish from
apparently unpolluted areas and the acidification problem have been
reported. The high mercury content of fish in lakes in the Lake Huron
Watershed of Ontario has been related to the low buffering capacity and
therefore the low pH of these lakes. It has similarly been linked to the
mercury content of fish in Cranberry Lake and Stillwater Reservoir. These
low pH Adirondack lakes are located in the Oswegatchie and Black River
Watersheds which flow into the international section of the St. Lawrence
River and Lake Ontario respectively. Smallmouth bass greater than 30 cm.
length in these waters contain 1.3 to 2.5 ppm mercury.
Several explanations have been presented to account‘ for the elevated
mercury levels in-fish from apparently unpolluted areas. The acidity may
be causing naturally occurring mercury to leach from natural rock and soil
formations. Mercury may also be entering the lakes with rain and snow as
a result of emissions from the same sources of airborne acidity, e.g. coal
burning. The low pH of the water may facilitate bacterial conversion of
mercury into methyl mercury which is taken up by the fish.
-12-
Effects In the Great Lakes Basin
Severe effects of acid precipitation have already been documented in some
poorly buffered watersheds draining into northern Lake Huron and Georgian
Bay and in the Adirondack Mountains of northern New York State. Both
areas are currently subjected to precipitation which is more than twice as
acidic (doubling the hydrogen ion concentration) as that which caused
losses of major fish stocks from thousands of Scandinavian lakes and
streams in similar geological settings. A recent (1978) summary by
Ontario's Ministry of Environment has shown that lakes within a 100 km
radius of Sudbury, Ontario, are becoming more acidic at an average rate of
0.09 pH units per year which is equivalent to a 20% increase in the
hydrogen ion concentration every year.
Due to the shape of the acid—base titration curve, the rate of
acidification is related to decreased neutralizing capacity. A titration
curve provides an index to the sensitivity of different waters to
acidification as seen in Figure 5. Here samples of the lake waters have
been titrated in the laboratory with standard acid. Only small amounts of
acid are required to drop the pH of the water of Lumsden Lake in the
LaCloche area to pH values well below 5.0 in which fish populations cannot
survive. As can be seen from the titration curve, Glen Lake with a pH of
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meq. of H2804 added/L
Fig. 5 TITRATION CURVES FOR 1) GLEN LAKE, A MODERATELY HARD WATER
(ALKALINITY 0.98 MEO. L")LAKE ON PRECAMBRIAN SEDIMENTS;
2) AND 3)..TWO OF THE PRECAMBRIAN SHIELD LAKES STUDIED IN
HALIBURTON-MUSKOKA, RED CHALK AND CLEAR RESPECTIVELY, AND
4) LUMSDEN LAKE, AN ACIDIFIED LAKE IN THE LA CLOCHE AREA



















































































































































































































































































































































































































































































































































































































































































































secondarily affect fish by reducing food availability.






































































































































































































































































ADIRONDACK MOUNTAINS NEW YORK
Fig. 6 FREQUENCY DISTRIBUTION OF pI-I IN LAKES IN THE
ADIRONDACK MOUNTAINS, NEW YORK, IN THE 1930':
AND IN 1975. (REDRAWN FROM SCHOFIELD.)
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HQ. 7 pH—VARIATION DURING WINTER 1973:1974 _
(FIELD MEASUREMENT) IN L. STENSJON IN VARMLAND.
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AF refers to acidified-filtered with 0.1 N HN03. Note the
rapid decrease in trace metaIs before the peak flow. Normal
aIkaIim’ty of about 0.2 meq/L is decreased five fold, and the
name! pH of about 6.5 15 decreased beIow 5 for a short period.
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Summary of damages to aquatic organisms with decreasing pH.
(From Hendrey, 1979).
Long term changes of less than 0.5 pH units in the range 8.0-6.0 are
likely to alter the biotic composition of freshwaters to some degree. The
significance of these slight changes is, however, not great.
A decrease of 0.5-1.0 pH units in the range 8.0-6.0 may cause detectable
alterations in community composition. Productivity of competing organisms
will vary. Some species will be eliminated.
Decreasing pH from 6.0-5.5 will cause a reduction in species numbers and,
among remaining species, significant alterations in ability to withstand
stress.
Below pH 5.5 many species will be eliminated, species numbers and
diversity indices will be reduced. Crustacean zooplankton, phytoplankton,
molluscs, amphipods, most mayfly species and many stone fly species will
begin to drop out. In contrast, several pH-tolerant invertebrates will
become abundant, especially the air-breathing forms (e.g. Gyrinidae,
Notonectidae, Corixidae), those with tough cuticles which prevent ion
losses (i.e. Sialis lutaria) and some forms which live within the
sediments (Oligochaeta, Chiromomidae and Tubificidae). Overall,
invertebrate biomass will be greatly reduced.
Below pH 5.0 decomposition of organic detritus will be severely impaired.
Autochthonous and allochthonous debris will accumulate rapidly. Most fish
species are eliminated.








Human Health and Acid Precipitation
Acid precipitation may also be detrimental to the health of residents in
the Great Lakes Basin. Acidic water in metal plumbing may increase copper
and lead concentrations in the water. Based on a limited number of
measurements from the Adirondack Mountains of New York, natural spring
waters from acidified watersheds are showing elevated concentrations of
lead, copper, and aluminum. Further, the occurrence of elevated
concentrations of other toxic metals such as cadmium and mercury cannot be
ruled out. For example, high cadmium and mercury concentrations have been
found in Scandinavian waters.
There is a potential for metal toxemia from the consumption of acidified
water. Although the acidification of drinking water in Bennington,
Vermont led to elevated levels of lead and copper, no valid reports have
been found indicating the extent of illness caused by such metal
concentrations.
Energy Consumption and Acid Precipitation
 
As human demands for energy have increased at an exponential rate, so has
our output of the sulfur and nitrogen oxides which cause acid
precipitation. As Figure 3 shows, demand for energy is now increasing
exponentially a trend which could continue or increase further in the next
50 years. The recent U.S. decision to use coal for a higher proportion
of its energy requirements in the next few decades can only aggravate the
problem unless SOX and N0x are controlled.
Another major source of SOX is from sulfide minerals which are smelted
to produce a number of important metals. For example, the nickel rich
iron sulfide entering the smelters at Sudbury, Ontario contains about 40%
sulfur by weight. Unless removed prior to smelting, all of the sulfur is
converted to 502. Technology for removing the sulfur from the ore has
been developed and some sulfur is currently removed and converted to
sulfuric acid. Expansion of the facility to remove more sulfur has been
inhibited by an inadequate market for sulfuric acid. It is, however,
noteworthy that Minnesota's copper-nickel project will require 99% 802
removal from smelters installed in that area.
Sulfur oxide emissions can be reduced in a number of ways. Where the
source is fossil fuels, efforts can be made to burn low-sulfur fuels. At
present, in eastern North America low sulfur coal is usually expensive and
not as available as high sulfur coal, so that the latter is burned in
order to minimize the direct cost to the rate payer.
"Scrubbing" of sulfur from stack effluents is also possible. Once again,
the technology is costly, and reports on reliability vary.
Desulfurization of coal prior to combustion is still in the experimental
stages.
-18-
 An obvious choice is to reconsider major methods of producing electricity,
and/or reduce the use of electrical power.












damage caused“ by $02 and stack emissions of radionuclides,
which exceed amounts released by nuclear plants, toxic heavy metals and
fly ash.
There is an obvious need for assessment of relative risks and




and a wide-scale public information program.
Information
Needed to Improve Our Understanding of the Acid
Precipitation
Problem













that we are not in a steady-state situation.

































assess the current vulnerability and previous damage to lakes caused by
acid precipitation.
Particularly valuable might be a compilation of historical data sets for
pH,
conductivity,
alkalinity and other parameters related
to acidification





























































For the many areas where historical data do not exist, paleolimnological





different pH conditions, including any species which are well preserved in
lake sediments.
By enumerating the diatoms




























































acidifying many of the water bodies.











photosynthesis and sulfate reduction may act as neutralizing
agents.
Mass
balance studies are needed for acid,

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Measurement of Atmospheric Deposition
1.





















Determine magnitude of atmospheric deposition of trace substances.





1. Chemical mass balance of elements;
2. Mobilization of nutrients and toxic substances in soils;
3. Experimental manipulation of ecosystems.
Biological Effects Program
(Analysis of effects on physiological functions, organisms and ecosystems).
1. Agriculture;
2. Forestry;


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 about $500/Kw in capital costs and 30 mills/kwh in operating costs. Lime
scrubbing to a new power plant, burning high-sulfur coal, can add from
$60-$130/Kw in capital costs and 3-5 mills/kwh in operating costs which
adds 10 to 15% to the cost of power generation from coal. Flue gas
desulfurization costs are sensitive to the sulfur content of the coal
used. Various combinations of low-sulfur coal blending, or coal cleaning
with FGD may be desirable.
A smaller number of operating units in the U.S. use the sodium sulfite
(Hellman-Lord $02 recovery process) or the magnesium oxide process.
Other FGD technologies of commercial interest which are operating in Japan
include: double alkali/sludge, limestone/gypsum, lime/gypsum, double
alkali/gypsum, and dilute sulfuric acid/gypsum. The emerging technologies
of coal gasification, liquefaction and fluidized bed combusion are not
likely to be of commercial significance until after 1985.
N02 Control Technology - United States
For the U.S., fuel combustion from stationary sources emit about 50% of
the atmospheric nitrogen oxides. Electric power generating emits 24% of
the total. Transportation is the second largest contributing source at
35% of the total. Like $02, much (56%) of the total U.S. emissions of
N02 are found in the Northeast.
Control technology options for N0 from stationary sources basically
relate to lowering the oxygen leve 5 and/or maximum temperatures in the
flame zone through techniques such as: low-excess-air firing, staged
combustion, flue-gas recirculation, water injection and reduced air
preheat. The latter two options may have unacceptable penalties in
thermal efficiency. Nitrogen oxide reductions of 37% to 60% are possible
through these techniques.
S02 Control Technology - Canada
The control technologies for sulfur dioxide and nitrogen oxides emissions
from stationary source in the United States, summarized above apply
equally in Canada.
Whereas 75% to 80% of the sulfur-dioxide emissions in the U.S. are from
stationary—fuel combustion sources, about 75% of the total emitted in
Canada originates from industrial sources, indicating clearly that Canada
has a different 502 control problem as shown in the Table 3. The
largest emitter of sulfur dioxide in Canada is the primary nickel and
copperlindustry which accounts for about half of the total 502 emitted
annua y.
Available S0 control technology for the primary nickel and copper
industry conSists of:
1) Use of sulfuric acid plants (single or double contact).
2) Production of liquid $02.
  
  


























































































































operation. Many of the existing plants are not suitable for this
technology since the $02 concentration in most of the gas streams is too




























































































thus is limited to a very fewprocess units. The market for liquid $02
is also very limited.








































































































emissions. A limiting factor is the high cost of production process
change.
Although utilization of the $02 abatement technology available may not
be justified from the perspective of a specific industry sector, it may be




















resulting from acid rain in North America.
Regulatory Options
The United States Clean Air Act as amended in 1970, 1974 and 1977 provides
a variety of Inechanisms to control air pollution. Section 108 of the
National Ambient Air Quality Standards (NAAQS) identifies a maximum
ambient pollutant concentration for a specified period of time based on


















Standards for sulfur and nitrogen oxides are shown in Table 4.
 
Table 4
U.S. Ambient Air Quality Standards
AVERAGING PRIMARY SECONDARY
POLLUTANT TIME STANDARDS STANDARDS
















N02 Annual 100 ug/m3 100 ug/m3
(Arithmetic mean)
   







































on demonstrated and best available control technology (including cost
considerations) limit emissions of public health or welfare significance































































































































C0, HC, and N0x under Section 202 of the 1970 Act.






















































































































































































































































































































































































legislation governing international air pollution. As stated by the Air
Pollution Advisory Board:
"The two countries have specific legislation aimed at
controlling international air pollution. To become
operative, the U.S. legislation requires reciprocal
arrangements in the foreign country affected whereas the
Canadian legislation is dependent for its effectiveness on
the existence of an international obligation. Because of
this interdependence, neither section quoted can be used
-25-
 unilaterally for the purposes stated. Moreover, it is
apparent from a review of existing transboundary air
pollution problems that clear principles governing the
obligation of one country to another in a given
situation










appropriate legal mechanisms and principles."
The Great Lakes Science Advisory Board supports the International Air
Pollution Advisory Board in its recommendation to the Commission.
The Science Advisory Board acknowledges the activities recently initiated
between Governments relevant to transboundary air quality problems.
Particularly noteworthy is the formation of' a U.S. - Canadian Research
Consultation Group on the Long Range Transport of Air Pollutants and the
implementation of diplomatic talks on an Air Treaty.
What's Needed for the Great Lakes Ecosystem
An integrated acid precipitation program for the Great Lakes Basin is
urgently required. The required program must be extremely diverse, with
scientific, economic, educational and political components.
Detailed inventories must be developed for the susceptibility of different
areas of the Great Lakes Basin. Where possible, existing data must be
compiled to allow the assessment of damage to date. When coupled with
detailed studies of the rates of deposition, it should be possible to
evaluate the rate of deterioration of natural resources. A proper U.S.
Canada study of the transboundary movement of pollutants is also required.
In order to promote rapid decision making, a widespread public education
program on risks of acid precipitation, a thorough economic analysis of
the problem, and studies of the comparative human and ecological risks of
various energy alternatives should be undertaken as soon as possible.
Every effort should be made to overcome the problems of "piecemeal"
legislation which are sure to confound the control of emissions, many of
which are in well-buffered areas where the immediate effects of acid
precipitation will be negligible.
In light of these considerations, the Science Advisory Board recommends
that the International Joint Commission immediately implement, as
specified in Article VII(6) of the 1978 Great Lakes Water Quality
Agreement, liaison among institutions established under the 1909 Boundary
Waters Treaty, appropriate U.S. and Canadian agencies, and international
organizations which address concerns relevant to the Great Lakes Basin
Ecosystem to ascertain and ensure that all facets and concerns of the
Great Lakes Basin Ecosystem, as outlined in this report, are adequatley
considered. Particular emphasis on the problems associated with long range
transport of airborne pollutants should be given high priority. Further,
the Board recommends that the Parties to the Great Lakes Water Quality













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 "1975 Symposium on Structure-Activity Correlations in Studies of Toxicity
and Bioconcentration with Aquatic Organisms" researchers from several
private industries described their efforts to devise systematic procedures
to evaluate the effects to aquatic organisms of new Inaterials prior to
their commercialization. A listing of several other current hazardous
substance evaluation efforts is shown in Table 5.
Table 5
Efforts Underway
For the Evaluation of




Toxic Substances Control Act
Interagency Testing Committee
- members from CEQ*, Commerce,
EPA, NSF, NIEHS, NIOSH, MCI and
OSHA and non-voting members from
Defense, FDA, Interior and CPSC.
Interagency Regulatory Liaison
Group - members from FDA, OSHA,
EPA and CPSC.
Joint Dept. of the Environment/




Program on Chemical Threats to
Man and the Environment.
United Nations Environment
Programme (UNEP) - International
Registry of Potentially Toxic
Chemicals (IRPTC).
 
Develop and use methodology to identify
and recommend to the Administrator of
the Environmental Protection Agency
those chemical substances and mixtures
which should be tested to determine
their hazards to human health and the
environment.
Coordinate among the member groups -
testing, risk assessment, regulatory
actions, research, information exchange,
public education, epidemiology and com-
pliance.
Identify and evaluate chemical sub-
stances used in Canada which may require
appropriate control legislation.
Support of research relevant to the
prediction, identification, characteri-
zation and control of hazards resulting
from chemical compounds in the environ-
ment. This research complements the
efforts of other agencies by attempting
to apply recent discoveries in the basic
sciences to current problems.
Objectives include: to facilitate access
on a global basis to scientific and
administrative data concerning poten-
tially toxic and other environmentally
significant chemical substances; to
  
   
Organization for Economic
Cooperation and Development (OECD)
European Economic Community
North Atlantic Treaty Organization
(NATO)
American Society for Testing and
Materials, Section E35.2.02
(Membership represents industry,
, government, academic institutions
and consulting firms).
IJC Committee on the Assessment




impact of chemicals on
to provide
secretariat aid for the operation of the
early warning capability being developed
encourage international
determining the
man and the environment;
within relevant sections of the
Programme.
Develop a common approach for extended
control of chemicals in member countries
and harmonization of requirements.
Chemicals Testing Program consists of
six expert groups on: physical chemis-
try; eco-toxicology; degradation-accumu-
lation; long term toxicology; short term
toxicology; and, step-sequence testing.
Develop procedures for systematic review
of new and existing commercial chemi-
cals. Development of a data bank on 5000
compounds produced in large quantities
and liable to have harmful effects on
human beings, animals or the environ-
ment.
Five Special Science Programs are desig-
nated to address: Air-Sea Interaction;
Eco-Sciences; Human Factors; Marine
Sciences, and Systems Sciences. The Eco—
Sciences Programne is directed to
further the knowledge of the ecosystems
and their modifications, and has for
example, sponsored workshops and studies
on: "Eco-toxicology of persistent chemi-
cals“ and "species differences in meta-
bolic actuation of environmental toxi-
cants."
Develop protocols for obtaining informa-
tion needed to predict possible behavior
in the environment of new and expanded-
use chemicals.
Evaluate the potential health effects of
400 compounds identified to be present





Great Lakes Basin Commission
Great Lakes Basin Commission
Standing Committee on Research
and Development
Great Lakes Water Quality Board
 
Develop a strategic plan for toxic sub-
stances control for its “Great Lakes
Basin Plan". Part of the effort reviews
U.S. federal and state control policies,
laws and programs.
Sponsor workshops on: toxic substances
modelling; risk perspectives on toxic
substances of concern in the Great Lakes
system; recovery time from toxic sub-
stances pollution in the Great Lakes;
and monitoring of "toxics."
Sponsor workshops to review existing
procedures for evaluating hazardous sub—
stances; review early warning pro-




CEQ - Council of Environmental Quality
CPSC - U.S. Consumer Product Safety
Commission
EPA - Environmental Protection Agency
FDA - Food and Drug Administration
NCI - National Cancer Institute
NIEHS - National Institute of
Environmental Health Sciences
NIOSH - National Institute for
Occupational Safety & Health
NSF - National Science Foundation
OSHA - Occupational Safety and Health
Administration
Table 5 shows that several coordinated multi-national and multi-agency
efforts are underway and directed towards the evaluation of chemical
substances.
Notable are the efforts of OECD and UNEP. Reference to such efforts for
application within the Great Lakes Basin appears to be minimal. The Board
recommends that future hazard assessment efforts in the Great Lakes Basin
be carried out in the context of the identified multi-agency and
multi-national efforts described in Table 5.
The related research programs of the participants to the programs outlined
in Table 5 are significant in magnitude. Table 6 illustrates some of the
resources expended for programs by agencies within the U.S. and Canada.
There is an equally large effort at universities, independent research






Examples of Ongoing U.S. and Canadian Programs
 






































Ecological of Water and Hazardous (Extramural)
Effects Program Substances
Water Quality Health Effects 360,000 U.S. EPA
Development of Criteria for (Extramural)
Recreational and Shellfish
Growing Waters
Multi-Route Exposures and 1,923,000 U.S. EPA
Their Effects: Determination (Extramural)
of Health Implication of |
Substances Used as Pesticides
Identification of Adverse 380,000 U.S. EPA
Health Effects Due to (Extramural)
Exposure to Toxic Substances
Freshwater Ecological 2,088,000 U.S. EPA
Processes and Effects (Extramural)
Contaminants Research and monitoring 2,610,000 Environmental
in Inland of wildlife, soil, long Management
Waters range transport, airborne Service—Canada
‘ pollutants, forest spraying





Toxic Substances Health Hazard Evaluation of 978,000 Health and
Environmental Contaminants Welfare Canada
Hazardous Organic - 476,500 Ontario Min.
Substances in the
Environment
   
of Environment
 
Although the list is only a representative sample, the magnitude of the
funds expended indicates the high concern governments have on assessing
the potential effects of man—made chemicals in the environment.
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 The Board intends to continue to review and assess such efforts. Until
such efforts are completed, the Board for now, stresses the need for
continued high priority in such investigations. Furthermore continued
high priority should be given to current development of legislative and
regulatory actions, until there is a better understanding of the effects
of contaminants on the health of the ecosystem including man. The Board
emphasizes these points for two reasons: firstly, we feel that the
dispersal and the subsequent potential effects of toxic substances in the
Great Lakes should remain the highest priority issue for the management of
the Great Lakes. Secondly, we are concerned that the recent economic
conditions in both U.S. and Canada may result in political pressures to
ease concerns, legislation and regulations with regard to the discharge of
potential contaminants.
Toxic Substances and 1978 Agreement
 
The Science Advisory Board has reviewed the Annexes of the 1978 Great
Lakes Water Quality Agreement which pertain to the control of chemical
contaminants. These Annexes are attached (Appendix A) to this report for
ready reference. The opinions and recommendations of the Board as a
result of this review were summarized in a letter to the Commission on
March 27, l979, which reads as follows:
"Proposed Plan for Implementing Annexes 10 and 12 of the 1978 Water
Quality Agreement"
“Perhaps any discussion of how to deal with chemical contaminants in
the Great Lakes should begin by deciding why these are singled out
and what makes them different and need special treatment. Having
identified the answer to these questions, then solutions may be more
obvious."
"One difference that is apparent at the outset is that the chemicals
of most concern are those that are most toxic. "Most toxic“ for
purposes of the Great Lakes must be defined as those for which the
exposure--length of time and concentration present--results in the
greatest potential for adverse effects. Toxicity is only one
characteristic of concern in evaluating the probable exposure:
persistence is equally important "in assessing hazard. Ozone for
example is very toxic but it is much less of a hazard because it
persists only for a few seconds or minutes. Others may exert their
effect indirectly such as the impact of freons on the ozone layer."
"A second difference about the chemicals of concern is that they
constitute a vast number and are chemically and physically very
different. Furthermore, the total number, the chemical-physical
characteristics, the quantity and the sources are poorly known.
Neither is it practical to analyze surveillance samples for all or
even most of these chemicals. Furthermore, there certainly are many



























































































































































































































































































































































“The Science Advisory Board suggests the following approach towards


















chemicals of certain high hazard and suspected high hazard
respectively. A task force of the two Boar 5 should be
appointed to refine the Appendices based on this definition.
(2) A Science Advisory Board Committee should establish a mechanism
to collect, review and synthesize data on chemicals and their
interaction in the Great Lakes Basin Ecosystem and recommend to
the Water Quality Board placement on list 1 or 2.
(3) The Water Quality Board should establish a mechanism to gather
production, transport and discharge data on individual chemicals
in the Basin. This step is critical to success of the entire
program. Both #2 and #3 would require substantial staff support.
(4) The inventory and data base developed by the Science Advisory
Board and the EPA Duluth Laboratory should be used as the
working mechanism for processing the massive amount of data that



























































































































































































addressing the toxic substances issue in the Basin.























































































































of objectives gees 395 preclude
the need for
studying the aquatic environment and effects of conditions on related
organisms and uses".
They further stated: "Each objective alone should provide protection
from effects of that specific condition.
Within each objective a
safety factor is used which may be very small for some conditions and
-35-
 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































expand the scope of
concern









phytoplankton levels in the environment. However, it is also
characteristic of other biotic communities most likely to
inhabit the particular environment - such as fish community
structures.
2. With regard to toxic substances, continual observation of 1
selected ecosystem descriptors will: enable a rapid detection
of synergistic and additive effects; enable an assessment of the i
adequacy of existing objectives; and, identify new chemical 1
contaminants of concern.
3. Surveillance requirements would be better identified.
4. The approach will expand beyond the realm of "chemicals and the
Great Lakes" to include the possible effects of cultural,
socio-economic and technological changes. Thus human activities
*ihe Board's 1978 Special Report: "The Ecosystem Approach" uses the term
"demophOric" to "express the combined biological and technological metabolism
of MAN in consumption of resources and production of wastes."

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 C. Socio—Economic Futures
Workshop on Anticipatory Planning
As mentioned in the introduction, the concerns of the 1972 and 1978 Great
Lakes Water Quality Agreements have addressed chemical stresses on the
Great Lakes ecosystem. However, additional stresses are possible from
other human activities. For example, changes in cultural patterns affect
land and biological resources in addition to water resources.
In March 1979, the Board's Expert Committee on Societal Aspects sponsored
a workshop which attempted to identify problems which may emerge within
the Great Lakes Basin in the short and long term as a result of future
trends in: urban growth; land use (natural resources); local and regional






































requirements in the Great Lakes areas within the next 5-10 years and
possible technologies which will be used to meet these requirements.




















lands. Investment and finance groups considered which social and economic






The workshop deliberations, when synthesized later this year, may provide



































































































































































































































































































Great Lakes Water Quality Agreement, because:
 
 Within the context of the Agreement and its
It is a means by which regional perspectives are provided as a
context for local decision-making.
It is a means by which data and information derived from diverse
sources and disciplines can be synthesized into a suitable
format.
It provides an opportunity for the historical perspective to
highlight areas of special concern requiring attention or to
demonstrate achievements in ecosystem improvement.
It provides a mechanism for the
problems, gaps in available data,
information.
identification of ecosystem
or weaknesses in existing
It serves to coordinate and about the
problems of a complex ecosystem.
reorganize thinking
relationship to public
information, resource management, and planning, the task force stated that
suitable goals for an environmental mapping activity are to address issues
of concern and to provide information:
1.
to improve understanding of the Great Lakes ecosystem and the
dynamic interrelationships involved among the biological,
chemical, physical, and societal components of the environment;
and,
to assist in Great Lakes planning and management decisions that
affect the Great Lakes ecosystem.
With these goals in mind, environmental mapping objectives are:
1.
2.
to synthesize and display knowledge of the Great Lakes ecosystem;
to provide perspective on societal activities
ecosystem quality;
stressing
to aid decision makers and an informed public to reach
complementary decisions and to implement programs to achieve
mutually agreeable management objectives under the Water Quality
Agreement;
to deal with issues affecting the Great Lakes ecosystem
including past to present trends and potential future problems;
and
to improve understanding of the Great Lakes ecosystem in order




















































































































































































































































































































































































































































































































































































































































































































































































































































































































 1. "Review and evaluate the adequacy of existing data, knowledge
and technology pertinent to the development of alternative
phosphorus management strategies. Items of concern to include:
costs associated with nonpoint and point source control; costs
associated with reduction of phosphorus content in detergents;
phosphorus loadings characterization, etc.
2. Evaluate the potential ecological, economic and health related
impacts of alternative management strategies, giving the
strengths and weaknesses of each for consideration by
policy-makers. ‘
3. Test the appropriateness of such strategies against alternative
environmental futures (adverseeconomics, energy constraints,
etc.).
4. Identify specific subject areas where additional information is
needed."
Furthermore the 1978 Annual Report stated that:
"The approved task force besides serving a timely and extremely important
function under the Great Lakes Water Quality Agreement, also will launch
the anticipated prime future functions of the Research Advisory Board










preventative measures which can be taken "here and now" to assure
ecosystem quality in the Great Lakes.
The mechanics of this anticipated
function would be through the use of staged scenarios to illustrate
available management options. The scenarios would, for example:
0 foresee necessary institutional arrangements;
0 illustrate general patterns of events which may result;
0 be a basis for general strategy development for governments for
future legislation, programs, etc.; and
0 define fall-back positions which may result from emergencies.
The Task Force on Phosphorus Management Strategies will be considered as a
first phase of a "nutrient scenario" for the Great Lakes Basin Ecosystem."
During 1978-79, the Phosphorus Management Strategies Task Force actively
pursued its terms of reference.
Two other task forces and one of the Board's
Expert Committees are addressing components of the phosphorus-eutrophication
issue.
 
Task Force on Phosphorus Management Strategies
 
Among the activities undertaken by
thetask force during 1978-79 were:
-
evaluation of models used to derive the proposed target loads to
the Great Lakes presented in the 1978 Great Lakes Water Quality
Agreement;
-42-
— assessment of "present" (1976) phosphorus load estimates of:
The Pollution from Land Use Activities Reference Group; Task
Group III (a bilateral working group consisting of United States
and Canadian scientists given the responsibility of deriving
phosphorus loading objectives for the 1978 Great Lakes Water
Quality Agreement); and, the Water Quality Board, all of whom
had different estimates (this activity was undertaken because
the 1976 phosphorus loads were used as a reference value to
derive the loading objectives);
- formulation and evaluation of phosphorus control technologies
and their associated costs; and,
- evaluation of cost/effectiveness of phosphorus control measures
from a socio-economic perspective (as contrasted with the
traditional limnological and/or engineering evaluation);
The task force revised and expanded its terms of reference to give
consideration to concerns raised by the Water Quality Board. Several
items were added to the terms of reference including: (a) review of the
availability and practicality of phosphorus control technology and
associated costs of control of point and nonpoint phosphorus sources; (b)















































































































































































































































































































































































































































































(ii) impact of phosphorus loads on phosphorus and algae levels in the
Great Lakes (evaluation of models; verification of predictive
capability of models; past phosphorus controls and responses of lakes
to these controls).
(iii) phosphorus target loads (rationale and development);
(iv) costs and technologies of phosphorus controls (point and nonpoint
control options; types of treatment - chemical, biological, land
disposal, etc; detergent phosphate substitutes; and sludge
generation); ‘
(v) strategies and recommendations (optional management strategies to
achieve objectives by use of various cost/effectiveness and
socio-economic evaluations of phosphorus control).
All identified areas of concern are receiving thorough review by the task
force. For example, in the review of available technological solutions,
the task force will consider: physical processes (membrane processes);
biological processes (luxury uptake, phostrip, Bardenpho); chemical
processes (lime, metal salts, etc.); biological plant operations (fixed
film and activated sludge processes, aerated lagoons and waste
stabilization ponds); and effluent application to land.
Expert Committee on Engineering and Technological Aspects
This committee played a prime role in the initiation of the Task Force on
Phosphorus Management Strategies. It has subsequently maintainedan
active role in the review of various topics of interest to the task force
particularly: (i) biological availability of phosphorus; (ii)
technological and economic assessment of two existing wastewater treatment
systems; (iii) sludge disposal; and (iv) reliability of municipal
wastewater treatment plants for phosphorus removal. Also the Expert
Comnittee visited with federal research granting agencies to discuss
current and future related research funding levels.
(i) In December 1978, a subcommittee of the Expert Committee met
with several experts to discuss: available techniques to
determine short and long-term availability of phosphorus;
existing sources of phosphorus inputs to the Great Lakes and
their relative inputs of available phosphorus; and, high
priority information and research needs which require immediate
action. It is expected that a report on this review will be
available in late 1979.
(ii) The Expert Committee obtained operating performance data from
two "advanced" wastewater treatment plants: the TahoeeTruckee
Sanitation Agency Advanced Wastewater Treatment Plant and the
South Tahoe Water Reclamation System. The former has stringent
discharge standards with the maximum average constituent limits:
COD, 15 mg/L; suspended solids, 2 mg/L; total nitrogen, 2 mg/L;
and total phosphorus, 0.15 mg/L.
-44-
(iii)
The intent of the Committee is to assess phosphorus and nitrogen
removal efforts at the plants and the long term reliability of
the efforts. Sludge quantities, handling and disposal, as well
as economics of operation and energy requirements are to be
especially considered.
In spring of 1979, one year of operating data from the
Tahoe-Truckee plant will be available, and the Committee will
carefully evaluate the operations to enable more meaningful
comparisons with other technologies such as land disposal.






















funds allocated for sludge disposal research. For example, in
Washington, D.C., several programs were described to the
comnittee including: The National Science Foundation
"proof-of-concept" sludge management program ($3 million,
FY/74-FY/78); EPA Municipal Nastewater Research Program — sludge
management ($3.8 million FY 78/79); and the Greater Chicago
Metropolitan Sanitary District sludge disposal research program

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































specific training requirements emphasizing on-site training.






































- Incorporate in future wage negotiations incentive pay schedules for






































processes to insure, even at higher initial capital cost, more
reliable equipment.
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Redirect research emphasis from new process development to
operations and maintenance considerations of existing technology.
It is obvious that many segments of our society have a
contribution to make with regard to improved operation and
maintenance of wastewater treatment facilities. EPA has for
example: (1) accelerated its enforcement activities against
major municipal treatment facilities which are not in compliance
with discharge permits. (2) changed the emphasis of its
Operations and Maintenance Research Program at the Municipal
Environmental Research Laboratory to address design and
operational deficiencies of existing technology related to 0&M
problems, and (3) is seriously considering making independent
review of facility designs for operational, maintenance and
reliability considerations mandatory for construction and grant
funding. These latter two actions are directly supportive of
preferred solutions identified by the workshop attendees.
In the Province of Ontario, 0&M does not appear to be a major
research concern. High priority is currently given to
information exchange and development of uniform sampling and
monitoring programs to assure appropriate performance
evaluations. It was further noted that the Ontario Ministry of
the Environment which has been directly responsible for the 0&M
of many Ontario municipal wastewater treatment plants, is slowly
transferring this responsibility back to municipalities. The
possible effects of this transfer is not known, particularly in
the case of municipalities with "tight" resources.
As~ noted previously, the Expert Committee on Engineering and
Technological Aspects discussed research programs and funding
levels with representatives of U.S. EPA, National Science
Foundation, Canada Department of Environment and the Ontario
Ministry of the Environment. The topics of discussion were




















































































































































































































































































































































































































Science Advisory Board Views on Land Application of Municipal Nastewaters
The Board is aware that land application of municipal wastewater, in
particular the rapid infiltration and slow-rate crop—irrigated
alternatives may have high phosphorus removal capabilities. Evaluation of
land treatment and facilities planning has been mandatory under PL—92—500
since July 1, 1974. The EPA Construction Grants Regulations as published
in the Federal Re ister, Volume 39, Number 29, February 11, 1974, provided
for coverage of land application techniques in facility planning.
PL-95-217 re-emphasizes the use of innovative alternative systems
including land treatment with many tangible incentives including (1) the
"115%" cost preference, (2) 85% Federal Grants with the specific set
asides, (3) the eligibility of land for storage as well as treatment
functions, and (4) 100% grants for modification or replacement if a
project fails to meet design criteria.
Use of the technique will require assessment of soil and groundwater
characteristics, climate, agricultural opportunities as well as present
and anticipated land use patterns.
Further review is underway within the IJC framework. The Task Force on
Phosphorus Management Strategies is evaluating various techniques for
phosphorus removal including land application. The Water Quality Board is
also assessing the technique. If additional information is required, the
SAB will direct its Expert Committee on Engineering and Technological
Aspects to provide its expertise and assessment.
Task Force on the Health Effects of Non—NTA Detergent Builders
Efforts are well underway to evaluate the potential health effects of the
following detergent builders: citrates; carboxymethyl-oxysuccinate
(CMOS); Builder "M"; phosphates; carbonates; silicates; zeolites; and
borax. The information under consideration includes assessment of:
potential environmental levels; acute toxicity (skin, eye, L050,
sensitization); subchronic toxicity (28-30 day general toxicity with later
study of metabolism and pharmokinetics); chronic toxicity (6 months - 2
years) carcinogenicity; mutagenicity; and teratogenicity.
The results of the evaluation will be published in a report of the Science
Advisory Board by 1980. This report will complement an earlier report of
EhelBoard on the health implications of the use of NTA as a detergent
ui der.
Task Force on the Ecological Effects of Non-Phosphate Detergent Builders
Recently this task force published a report which assessed the ecological
effects which may be associated with the widespread use of NTA as a
detergent builder. This report and the report of the task force to
evaluate the health implications of NTA are currently under review by the
U.S. EPA Office of Toxic Substances, which was requested in 1978 to
provide an opinion on the use of NTA as a detergent builder.
-48-








oxysuccinate (CMOS), carboxymethyltartronate (Builder "M"), carbonates,
silicates and aluminosilicates (zeolites).
A final report by the task
force is expected in 1979.
By means of the above review, it can be seen that significant resources
are being placed by the Science Advisory Board, its committees and task
forces to help address the issue of Great Lakes eutrophication. The
Board's current efforts on this issue will be integrated within the
findings of the Task Force on Phosphorus Management Strategies.
@CONCLUSIONS
A broader approach to address Great Lakes issues has been undertaken by
the Board for identification of problems and information needs within the
Great Lakes Basin. By taking this approach, the Board has thus far shown
that: 4
- acid precipitation, although not directly affecting the pH of the
Great Lakes open waters, will affect the Great Lakes Basin Ecosystem
by various pathways.
- the Great Lakes Basin is being impacted by air emissions from sources
outside the Basin, and emissions within the Basin are being exported
to ecosystems outside of the Basin. As a result, legislative and
socio-economic concerns will have to be broadened.
- the effects of toxic substances and long range transport of air
emissions are of global concern, and the issues are being addressed
by several multi-national and multi-agency groups throughout the
world. Liaison of the Great Lakes efforts with the efforts of such
groups needs to be strengthened.
- the development of common objectives for the Great Lakes system,
requires that the Parties articulate specific goals and desired uses
of the Great Lakes so that more direct efforts can be formulated to
reach these expectations.
- it is necessary to expand the Great Lakes concerns from "the effects
of chemicals in the Great Lakes" to the effects of man's many
activities which include changes in land-use patterns, shoreline
development and cultural practices.
@BOARD OPERATIONS
Under the Great Lakes Water Quality Agreement .of 1978, the Science
Advisory' Board is an advisor to the International J01nt CommiSSion and the
-49-
   
 Commission's Great Lakes Water Quality Board. The Science Advisory Board is
responsible for developing recommendations on research and developing
statements on the state of scientific knowledge pertinent to the
identification, evaluation, and resolution of current and anticipated water
quality problems on Great Lakes.
To meet its responsibility as the scientific advisor to the Commission and
the Water Quality Board on matters relating to Great Lakes water quality, the
Board draws upon the knowledge of its members who are experts in scientific,
engineering and societal fields from governmental, industrial, university, and
private sectors. Further, the Board appoints committees and task forces, from
time to time, and holds workshops and conferences to assist in developing
information and to provide scientific advice.
The committees have contributed greatly toward the Board's perception of
issues which pertain to the Great Lakes ecosystem and the task forces have
developed essential information and reports over this past year.
COMMITTEES
The Board has three Expert Committees to provide continuing independent
advice and synthesis of scientific opinion on new and continuing Great Lakes
programs. These three committees also identify oversights, weaknesses, and
opportunities in Great Lakes research activities in Canada and the United
States. Two other committees deal with more specific issues. The following
is a summary of the scope and activities of each of the committees since July,
1978.
Expert Committee on Engineering and Technological Aspects of Great Lakes
Water Quality
This committee's scope of activities encompass in part the technological
procedures and treatment of the effects of man's activities undertaken either
prior to or after entry into receiving waters. The committee includes members
with expertise on industrial waste treatment, municipal waste treatment,
agriculture, land use, and hazardous materials.
The recommendation by the committee that a phosphorus management strategy
task force be formed was accepted and that task force has been formed.
The committee reviewed the previous Water Quality Board and PLUARG reports
to identify existing Great Lakes engineering and technological issues. The
identified issues were: operation and maintenance of municipal wastewater
treatment plants; disposal of municipal sludges; disinfection; toxic surveys
of treated wastewaters; control of urban runoff; pre-treatment of industrial
wastes prior to discharge into municipal systems; management of hazardous
waste disposal; disposal of industrial sludges; effluent limitations and
effects on water quality; modelling; mixing zones; bioavailability; control of
international air pollution; and, cooling water intake design.
The committee has recently met with key officials of the U.S.






























































Ministry of the Environment, and Environment Canada to determine the extent of
research activities addressing the identified water quality issues.
The committee formed a subcommittee which met with several experts to
discuss the current knowledge on the measurement and assessment techniques for
determining biologically available forms of phosphorus and sources, and their
relative input to lakes.
The following additional topics are being addressed: operation and
maintenance of municipal wastewater treatment plants; modelling; disinfection;
mixing zones; and, evaluation of costs, energy requirements, sludge production
and reliability of advanced wastewater treatment plants.
Expert Committee on Ecological and Geochemical Aspects of Great Lakes
Water Quality
This committee's area of responsibility includes those issues relating to
ecological and geochemical effects of man's activities.
The major activity of this committee during the past year has been to
research the effects of acid rain and to acquaint the Board with information
on the subject. The Board, in its discussion on acid rain within this report,
has incorporated many of the findings supplied by the committee.
Expert Committee on Societal Aspects of Great Lakes Water Quality
The jurisdictional, political, institutional, legal, educational and other
non-physical measures influencing the effects of man's activities on receiving
waters are considered by this committee.
The committee includes expertise
representative of economics, energy issues, planning, citizen/public interest,
political science, human behavior, legal aspects, and regulatory activities.
The Expert Committee recomnended that the Board sponsor a workshop on
anticipatory planning. The Board and Commission approved in principle the
workshop which was held in early March of this year. Its goals were to:
- discern key Great Lakes planning entities in the private and public
sectors with whom the Commission should be in contact;
- develop a mechanism to interface these entities with the
International Joint Comnission; and
- identify and define major Great Lakes problems not being adequately
addressed and likely problems emerging within the next five to ten
years.
Proceedings of the workshop will be published shortly.
The committee is currently engaging in an analysis of the Water Quality
Agreement of 1978. Presently the efforts are directed toward those portions
of the Agreement which have specific relationship to and impact on the
activities that are to be instituted from recommendations set forth by the





Aquatic Ecosystem Objectives Committee
 








































Ecosystem Objectives Committee (AEOC) and the Objectives Assessment
Subcommitte (OAS). The Aquatic Ecosystem Objectives Comnittee is charged to:
- Develop aquatic ecosystem objectives. Where feasible, these should
be in the form of use-effect curves, for various uses, and always
including the most sensitive use.
- Regularly review objectives and recommend their amendment or the
introduction of new objectives based upon all available criteria.
- Establish task forces to develop position papers on which to base the
development of new or altered objectives. '
- Set general guidelines under which the objectives will be developed
and define some minimum levels of scientific information at which an
objective can be defined.
- Assist the Objective Assessment Subcommittee (OAS) of the NOB in its
development of supporting documents for the economic, social, and
regulatory assessment of proposed objectives.
- AEOC and the OAS will jointly develop an approach for the selection
and ordering of parameters to be addressed.
— Identify gaps in the knowledge needed to develop objectives and
recompend the research required to fill the gaps.
Since its formation, the committee has undertaken the following tasks:
0 development of methodology to define aquatic ecosystem
objectives;
0 re-evaluation of the objectives for mercury and lead within an
ecosystem approach; .
o assembly of current research information on dioxin and
pentachlorophenol for consideration of possible objectives.
Also AEOC is reviewing an oxygen objective that was recommended to the
Board by a special review committee as an alternative to an objective for
oxygen developed previously.
Joint Science Advisory Board/Water Quality Board Committee on the
Assessment of Human Health Effects of Great Lakes Water Quality
This joint committee of the two Boards was formed in early 1978. Its
activities include:
- assessment of health risks posed by contaminants in the Great Lakes;
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review of action levels and guidelines for selected substances;










health effects of water constituents.
Two of the major activities undertaken by this committee in the past year
include the evaluation of lead in the environment and the evaluation of the













A swnnary of 'findings is included in this year's Water








































referrals from the IJC or its groups, as well as referrals from the scientific
community or citizen groups.
The task forces
are disbanded upon acceptance of
final reports by the Board.
Ecological Effects of Non-Phosphorus Detergent Builders
This
task force was formed
in 1976
to provide


















biochemistry, waste treatment, environmental modelling, aquatic toxicology,
water chemistry and metal transport, and eutrophication.
Initial activities
of the task force were
directed towards an ecological assessment of NTA.
A
summary of its findings was reported to the Board in May 1977 and the final
report was published this year.
The report is entitled:
"Ecological Effects
of Non-Phosphate Detergent Builders:
Final Report on NTA".
The task force is continuing with its assessment of other builders which
are currently used or proposed for use.
Health Effects of Non-NTA Detergent Builders
The task force was formed in 1977 to evaluate the potential health effects
of detergent builders other than NTA.



























Upon the recommendation of the Board's Expert Committee on Engineering and
Technological











































phosphorus loads, analysis and technologies pertinent to the









































































































the applicability of systems approaches for determining control
strategies.
- Evaluate and test alternative phosphorus management strategies
specifically as they impact on: (a) ecology; (b) waste treatment; (c)
sludge disposal; (d) energy considerations; and (e) economics.
- Incorporate, as time allows, the findings of the associated task
forces and committees on health effects, environmental impacts,









































In 1978, the Board formed a task force on environmental mapping to
evaluate the potential for environmental mapping of the Great Lakes. The task
force completed its study in May 1979 and its report is contained in Appendix
B of this report.
Dissolved Oxygen Objective Review Committee
In June 1978, a special committee was established to review the dissolved
oxygen objective, proposed previously by the joint Water Quality Board and the
Research Advisory Board Committees which had responsibilities for developing
water quality objectives. The Dissolved Oxygen Objective Review Committee
consisted of four members who were charged to review the proposed objective
and to consider the application of new published and unpublished data. In
January 1979, the Review Committee reported its findings to the Science
Advisory Board.
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(a) Temporal and spatial trends in concentration of
persistent toxic substan
ces such as PCB, mirex,
DDT,
mercury and dieldrin, and of other substances known to
be present in biota and sediment of the Great Lakes
Syst
em;
(b) The impact of persistent toxic substances on the health
of humans and the quality and health of living aquatic
systems:
(c) The sources of input of persistent toxic substances;
and




An early warning system
consisting of, but not restricted to, the following elements
shall be established to anticipate future toxic substances
problems:
(a) Development and use of structure-activity correlations
to predict environmental characteristics of chemicals;
(b) Compilation and review of trends in the production,
import, and use of chemicals;
(c) Review of the results of environmental testing on new
chemicals:
(d) Toxicological research on chemicals, and review of
research conducted in other countries;
(e) Maintenance of a biological tissue bank and sediment
bank to permit retroactive analysis to establish trends
over
time;
(f) Monitoring to characterize the presence and
significance of chemical residues in the environment;
(9) Development and use of mathematical models to predict
consequences of various loading rates of different
chemicals;
(h) Development of a data bank for storage of information
on physical/chemical properties, toxicology, use and
quantities in commerce of known and suspected
persistent toxic substances.
6. ﬂgmaﬂ_ﬂealth. The Parties shall establish action
levels to protect human health from the individual and
interactive effects of toxic substances.
 
7.
Research. Research should be intensified to determine
the pathways, fate and effects of toxic substances aimed at the
protection of human health, fishery resources and wildlife of the
Great Lakes Basin Ecosystem. In particular, research should be
conducted to determine:
 
(a) The significance of effects of persistent toxic
substances on human health and aquatic.life;
(b) Interactive effects of residues of toxic substances on






























A Plan of Recommended Action to the IJC Science Advisory Board
For Environmenta] Mapping Activities
To Address Issues of Concern and Provide Information To:
- Improve understanding of the Role of Man in the Great
Lakes Ecosystem and Thus Our Abiiity to Manage the
Resources in Keeping with the United States-Canada
Water Quaiity Agreement; and,
 
- Assist in Great Lakes Pianning and Management
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Force has been faced with the question,


























































availability of resources to conduct environmental mapping may
decide the final choice.





















































































































































































































































































































































































































of the basin that results in contaminant sources and natural
conditions;
2. Loads to the Great Lakes;
3. Lake effects;
4. Societal and use effects; and
5. Corrective actions or implemented remedial measures.
The fifth element, corrective actions or implemented remedial measures,
synthesizes the first four elements in terms of changes to the drainage basin,
to loads, to lake effects, and to societal and use effects. Relevant space
and time scales need to be considered and the most suitable variables
included. The environmental mapping design for each topic involves compromise
between simple concise communications of most relevant information and the
desire to portray the interdependent ecosystem aspects of the problem.
Toxic contaminants have been identified as a class of important issues
that impact Great Lakes ecosystem quality. Toxic contaminants are cited in
the 1978 Great Lakes Water Quality Agreement in Annex 1 - Specific Objectives,
Annex 10 - Hazardous Polluting Substances, and Annex 12 - Persistent Toxic



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Map Past, Present, And Potential















(by type of industry)
power plants: nuclear fossil





























food chain and the
environment in general







Where possible, information will be included on the historical development
Two mapping scales are envisaged:
1.
Total Great Lakes,
such as the Great Lakes Water Use Map;
and,
2.




the Bay of Quinte, and the
To be of value,
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 3. To identify potential future ecosystem-related quality and effects
associated with various alternative strategies of corrective actions,
including:
a. continuing present control measures;
b. maintaining present ecosystem quality; and,
c. improving the quality.
4. To provide a basis for lakewide (ecosystem) management strategies for
the protection and enhancement, as well as development and use, of the
resources; and
5. To serve as a planning tool for future work by providing analyzed
baseline and trend data and information.
Approach































































































































































































































































































































































































































































































































a. The Great Lakes system
b. The problem
II. The Drainage Basins
a. Domestic sources (population, treatment, etc.)
b. Land sources (land use, soils, fertilizer use, etc.)






a. Physical environment (lake levels and flows, temperature,
transparency, etc.)
b. Chemical response (phosphorus, oxygen, etc.)























the past 200 years
(and
in particular the past 50 years),
human













































































































be safely disposed of
or released into
the
Great Lakes, how much, and where."
At this point,
another concept can be


































The following narrative (Regier, 1978) expands on the diagrammatic
representation in Figure 4.
Restoration would take us back in a rather direct route toward the
initial state, presumably accepting undesirable features of the initial
natural state as part of the overall package. Of course, any thorough—going
restoration is impossible, -— it is at most a matter of degree.
Further de radation more or less consistent with the degradative
process of the past two centuries, would lead in the opposite direction to
that of restoration.
Enhancement that seeks to improve upon the current state of an
ecosystem without reference to its initial state, might lead an ecosystem
further from the initial state, say by contributing desirable man-made
features and suppressing undesirable natural features.
Rehabilitation may be defined as a pragmatic mix of non-degradation,
enhancement, and restoration. To the extent that natural ecosystemic healing
can be fostered, restoration of some desirable features should prove a
cost-effective tactic within such a mix. '
From the above, the Task Force envisioned that rehabilitation means the
improvement of degraded conditions and the possible use of enhancement to
develop a useful, desirable, and largely self-sustaining biological community,
which may be exemplified by a healthy, desirable (from a human use point of
view), and vigorous fish population. Rehabilitation does not mean a reversal
to original environmental conditions (restoration), which is clearly







































































































































































































































































































































































illustrate cause and effect relationships with respect to human activities in
the basin (including socio-economic aspects), the concept of ecosystem
inter-relationships, some of the options that lie ahead (possible costs and
time frames), and projected results arising from management actions.
Information will be presented as maps, diagrams, graphic plots, tables,
pictures, photographs, and commentary.
It is not intended to present a complex and exhaustive series of
distribution maps and diagrams descriptive of the many hundreds of variables
already measured and recorded in the Great Lakes Basin. Rather, the
presentation will be used to illustrate the development of a theme, namely
rehabilitation, and the nature and magnitude of problems which may be
encountered on the way (technical, socio-economic, and political) and to
characterize what may or may not happen as a result of both individual and
group actions. '
What?
It is suggested that the presentation of information may be organized
into the following three parts:
1. A comparison of past and present conditions of the Great Lakes
ecosystem;
2. An explanation of why changes have occurred and how the causes
are related to human activities in the Basin; and,
3. Management response (what has been done), and future options.
Part I
Historic data are limited and presentations will rely heavily on
trends, spot records, maps of harbor and shoreline changes, etc. Information,
for example, should be used to illustrate changes in fish populations and in
water quality (including perhaps sediment core data for nutrient elements,
trace metals, persistent organics, and recent fossil material).
Display will be heavily dependent upon the availability of data.
Part II
This will draw predominantly upon the work of the past two decades,
during which time distributions (space/time) and causative relationships have
been intensively studied. The following outline of example content addresses
the question, Why the Changes?
-spawning water level regulations, land
Loss of Habitat use/stream use changes, bank
-nursery vegetation changes, hydrograph
and temperature regime changes,
and sediment load changes.
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 Overfishing - (detail? to be added by future environmental mapping work
groups .
Biological stressors - sea lamprey, smelt, alewife, critical mass.
Unanswered questions - (details to be added by future environmental
mapping work groups).
Climatic variables - water levels at critical periods, temperature/
hatch success, food supply, flow through and
dissolved oxygen (0.0.) levels, and species changes.
Food supplies - impact of eutrophication, D.0. depletion, and species
changes.
Toxic substances - Lethal and sublethal effects, and tainting. Material
pathways, degradation, availability, and biotrans-
formation.




Migration barriers - Dams, constructions, thermal plumes, and entrainment.
Changes in Great Lakes water quality and fisheries have been caused by
various interactions of the above factors. The examples from within the Great
Lakes Basin will be portrayed and explained.
Part III
In any form of biological rehabilitation, it is essential to recognize
that appropriate water quality conditions are a prerequisite. In this light
it is important to show achievements of recent management activities, i.e.,
lake response to reduced loadings, the loading concept, the different sources
and the ability to control the sources, and the costs. Rehabilitation
requires that we build upon this initial achievement. In terms of loadings
alternative future options include:
1. Spread the load around (dilutionsolution to pollution),
2. Allow continued excess in limited areas (limited use zones), and
3. Have a goal to reduce both total and point loads over the long-term.
In fact, with demophoric growth, it is necessary to achieve increasingly
better levels of effluent control (contaminant removal) since increased













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This option may be thought of as, in part, “self-serving", with respect to
the interests of supporting agencies.
With the weight of data available, and the depth to which they could be
addressed, there is a design problem relating to what constitutes detail
relevant to achievement of the objectives; the ecosystem concept could be
lost with excessive detail.
Since Option A addresses more topics, it may take longer to complete and
cost more than Option B.
One may question the benefits accruing from this option vs. costs incurred
since a substantial volume of synthesized and partly synthesized Great
Lakes data exists (although not organized via an environmental mapping























































































































































































































































































































































































































































































































































































































































































































































































































To Map or Not to Map? and What to Map?
The IJC plays a special role with respect to Great Lakes water quality and
water quantity.
It is in essence a broker bringing the various United States
and Canadian agencies together to work on common objectives and to develop and
implement cooperative programs.
The goals and objectives of the Great Lakes
Water Quality Agreement will be served by an environmental mapping activity
under the aegis of the IJC. Therefore:
1. It is recommended that the IJC endorse an environmental mapping
activity on topics considered important and for which resources can
be made available.
A variety of topics and associated objectives are of value and of
importance to the Great Lakes. From amongst a much larger number, the Task
Force has presented three alternative topics and objectives, i.e., toxic
contaminants, eutrophication, and rehabilitation. Due to differing
perceptions among Task Force members and differing agency missions and
policies, consensus was not reached on the desirability of pursuing these
three topics even though each had its strong proponents. Nevertheless,
mapping of each topic, in its separate way, would be of value to Great Lakes
water quality and effort is contingent upon the availability of resources.
2. It is recommended that the IJC initiate an environmental mapping
activity on one or more of the topics toxic contaminants,
eutrophication, and rehabilitation.
Resources
The feasibility of an environmental mapping activity is related to the
availability of resources (agency staff plus dollars). An estimate of the New
York Bi ht Synthesis volume is $125K, including 1,000 copies of hardboﬁﬁd
text, a though this does not include total costs since it builds upon the
availability New York bight monograph series. Based upon this figure, an
estimate of the cost for a toxic contaminant or eutrophication atlas is $250K
over a 2-year period, and maybe less for a rehabilitation atlas. while no
firm commitments have been solicited, interest in supporting environmental
mapping activities has been expressed by the following 0.5. agencies: EPA,
NOAA, PMS, and Canadian agencies: NHRI, MOE, OMNR.
 
3. It is recommended that the IJC solicit from the principal United
States and Canadian agencies both interest and an indication of
available resources to conduct environmental mapping on the topics


























































































































































































































































































































































































































































































































































































































































































































































DRAFT TERMS OF REFERENCE
OF GREAT LAKES RESEARCH ADVISORY BOARD




The objectives of the Task Force are to develop a Plan of Study for Great
Lakes environmental mapping. The Plan of Study will define:
those dimensions which lend themselves to mapping;
the scope of future mapping efforts;
the agencies which should participate; and
the anticipated costs.
To achieve the objectives of the Plan of Study;
The Task Force will examine alternative environmental mapping strategies
and design, and lead a pilot study to determine the cost/benefits, the
potentials, and the liabilities of such efforts, as a basis for future mapping.
Time Frame
The recomnendations for design of the pilot study and selection of a pilot
site should be completed by April 30, 1978. The completed pilot study will be
submitted to the Research Advisory Board by April 20, 1980.
Resources Required for Task Force
Secretarial support from the IJC Regional Office is desirable. A budget
of $5,000 is estimated to cover travel and printing of interim reports.
Printing and development costs of the final report cannot be estimated until




DRAFT TERMS OF REFERENCE
(JANUARY 29, 1979)
IJC's Science Advisory Board Task Force on Environmental Mapping of the
Great Lakes.
From October 1977 to April 1979
l The Task Force will develop a Plan to include:
1 - those dimensions which lend themselves to mapping;
i - the rationale for mapping the scope of future mapping efforts; and
t - the agencies which should participate.
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Dr. A. E.’P. Watson
Research Scientist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
Windsor, Ontario
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Dr. G. C. Becking
Chief, Environmental Toxicology Division




Assistant to Director for
Environmental Surveillance
National Center for Toxicological Res.
Jefferson, Arkansas
Dr. David Gaylor (Until October 1978)
Statistician
National Center for Toxicological Res
Jefferson, Arkansas
Dr. R. A. Goyer
Deputy Director
National Institute of Environmental
Health Sciences
Research Triangle Park, N.C.
DY‘. Arthur S. Kraus (Effective January 1979)
Professor




Office of the Provost
University of Rochester
Rochester, New York
Dr. G. J. Stopps (Until October 1978)





Representing Soap and Detergent
Association of Canada
Mr. F. Alan Brownridge
Manager
Professional and Regulatory Service
Procter & Gamble Co. of Canada Limited
Hamilton, Ontario
Representing Soap and Detergent
Association, New York
Dr. Walter L. Schleyer
Government & Industry Relations Manager
PQ Corp.




Board on Toxicology and
Environmental Health
National Academy of Sciences
Washington, D.C.
Dr. S. I. Shibko
Chief, Contaminants and Natural
Toxicants Evaluation Branch
Division of Toxicology, HFF-195
Food and Drug Administration
Dept. of Health, Education and Welfare
Washington, D.C.
Secretariat Responsibilities
Dr. A. E. P. Watson
Research Scientist
International Joint Cmnnission
Great Lakes Regional Office
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Professor Joseph Shapiro (Chairman)
 
University of Minnesota Liaison Members




f Mr. F. Alan Brownridge
‘
Dr. Peter J. Chapman
Manager, Professional & Regulatory Service
I
Department of Biochemistry
Procter & Gamble Co. of Canada Limited
! University of Minnesota Hamilton, Ontario
St. Paul, Minnesota
Representing Soap and Detergent
 
Dr. Richard Dick Association, New York
J. P. Ripley Professor of Engineering Dr. Flynt Kennedy
4 Hollister Hall Manager, Chemical Research








































School of Public Health
Dr. William Fairless,
Deputy Director
University of North Carolina
Central Regional Laboratory
'
Chapel Hill, North Carolina
Chicago, Illinois
SAB Liaison Member
Representing EPA - Office of Toxic Sub.
Dr. Anne Spacie
Ms. Justine Welch
Department of Fisheries and
Hazard Assessment Group
Natural Resources
Office of Toxic Substances
Purdue University





Mr. David R. Rosenberger, Biologist
International Joint Commission
Great Lakes Regional Office
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PHOSPHORUS MANAGEMENT STRATEGIES TASK FORCE
Dr. Gerald A. Rohlich (Chairman)
Professor
Department of Civil Engineering




Environment Canada, Ontario Region
Canada Centre for Inland Waters
Burlington, Ontario
Dr. A. M. Beeton
Director
Great Lakes and Marine Water Center
University of Michigan
Ann Arbor, Michigan
Dr. G. Anders Carlson
NY Dept. of Environmental Conservation
Bureau of Water Research
Albany, New York














Mr. John J. Convery
Director, Nastewater Res. Division




Resources for the Future
Washington, D.C.
Mr. Steve Salbach
Ontario Ministry of the Environment
Water Resources Branch
Toronto, Ontario
Dr. Norman M. Schmidtke
Acting Director
Nastewater Technology Centre
Department of the Environment
Canada Centre for Inland Waters
Burlington, Ontario
Mr. Gordon Van Fleet
Ontario Ministry of the Environment
Pollution Control Branch
Toronto, Ontario
Mr. Gary Williams, Chief
Environmental Engineering Branch










Great Lakes Regional Office




GREAT LAKES SCIENCE ADVISORY BOARD
TASK FORCE ON ENVIRONMENTAL MAPPING
Dr. Eugene J. Aubert (Chairman)
Director, Great Lakes Environmental
Research Laboratory




Great Lakes Fishery Laboratory
U.S. Fish and Wildlife Service
Ann Arbor, Michigan
Mr. Jack Christie (Effective October, 1978)
Fisheries Research Station
Ministry of Natural Resources
Picton, Ontario KOK 1T0

























Ontario Ministry of Environment
Toronto, Ontario
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Dr. D. F. Squires
Director




Great Lakes National Program Office
U.S. Environmental Protection Agency
Chicago, Illinois
SAB Liaison Member
Mr. Carlos M. Fetterolf
Executive Secretary
Great Lakes Fishery Commission
Ann Arbor, Michigan
Secretariat Responsibilities
Mr. D. A. Bondy
Physical Scientist
International Joint Commission
Great Lakes Regional Office




GREAT LAKES SCIENCE ADVISORY BOARD
STANDING COMMITTEE ON AQUATIC ECOSYSTEM OBJECTIVES
Dr. W. M. J. Strachan (Chairman)
Head, Toxic Substances Section
Process Research Division
National Water Research Institute
Canada Centre for Inland Waters
Burlington, Ontario
Mr. G. P. Brezner, Chief
Classification and Standards Division
Bureau of Standards and Compliance
N.Y. Dept. of Environmental Conservation
Albany, New York





Supervisor, Limnology & Toxicity Section
Water Resources Branch
Ontario Ministry of the Environment
Rexdale, Ontario




National Wildlife Research Institute
Fisheries and Environment
Ottawa, Ontario
Dr. P. V. Hodson
Research Scientist
Great Lakes Biolimnology Laboratory
Canada Centre for Inland Waters
Burlington, Ontario






Head, Chemistry & Biology Group
Great Lakes Environmental Research Lab.
National Oceanic & Atmospheric
Administration
Ann Arbor, Michigan
Mr. Richard A. Ryder
Head, Productivity Unit
Ontario Ministry of Natural Resources
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JOINT SCIENCE ADVISORY BOARD/WATER QUALITY BOARD COMMITTEE
ON THE
ASSESSMENT OF HUMAN HEALTH EFFECTS OF GREAT LAKES WATER QUALITY
Mr. J. R. Hickman (Chairman)
Director, Bureau of Chemical Hazards
Health and Welfare Canada
Environmental Health Centre
Ottawa, Ontario
Dr. J. H. Aitken (Until March 1979)
Ontario Ministry of Labour
Toronto, Ontario
Dr. G. C. Becking (Effective March 1979)
Chief, Environmental Toxicology Div.
Dept. National Health and Welfare









U.S. Environmental Protection Agency
National Environmental Research Center
Cincinnati, Ohio









Air & Stream Improvement (NCASI)
New York, New York
Dr. N. Chernoff
Health Effects Research Lab.
U.S. Environmental Protection Agency
Research Triangle Park, N.C.





Dr. R. W. Durham
Applied Research Division
Canada Centre for Inland Waters
Dept. of Fisheries and Environment
Burlington, Ontario
Dr. H. L. Falk
Associate Director for Health
Hazard Assessment,
National Institute of Environmental
Health Sciences
Research Triangle Park, N.C.
Dr. G. Wolfgang Fuhs, Director
Division of Laboratories and Research
N.Y. State Department of Health
Environmental Health Center
Tower Building, Empire State Plaza
Albany, New York
Dr. Rolf Hartung
School of Public Health 1
University of Michigan
Ann Arbor, Michigan
Dr. Harold E. B. Humphrey
Environmental Epidemiologist
State of Michigan
Department of Public Health
Lansing, Michigan
Dr. G. J. Stopps (Until March 1979)
Department of Preventive Medicine
University of Toronto
Toronto, Ontario
Mrs. Ann H. Vajdic (Effective March 1979)
Microbiologist
Water Technology Section
Pollution Control Planning Branch














Dr. Mitchell R. Zavon
Medical Director
Hooker Chemicals
Niagara Falls, New York
Secretariat Responsibilities
Dr. A. E. P. Watson
Research Scientist
International Joint Commission
Great Lakes Regional Office






























GREAT LAKES SCIENCE ADVISORY BOARD
AD HOC ECOSYSTEM STUDY COMMITTEE
Dr. J. R. Vallentyne (Chairman)
Senior Scientist
Fisheries and Marine Service
Ontario Region
Canada Centre for Inland Waters
Burlington, Ontario L7R 4A6
Mrs. F. Edna Gardner
Islington, Ontario M9A 4L2
Dr. Joseph Kutkuhn
Director
U.S. Department of the Interior
Fish and Wildlife Service
Great Lakes Fishery Laboratory
Ann Arbor, Michigan 48105
Professor J. Llamas (Until February 1979)
Director, Water Resources Center




Ste. Foy, Quebec GlK 7P4





Department of Fisheries and
Natural Resources
Purdue University
West Lafayette, Indiana 47907
Secretariat Responsibilities
Mr. David R. Rosenberger, Biologist
International Joint Commission
Great Lakes Regional Office
100 Ouellette Avenue, 8th Floor
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Burlington, Ontario
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